ABSTRACT. Objective: To identify preoperative factors that affect the medical outcome study 36-item short form health survey (SF-36) score 1 year after lumbar spinal fusion. Methods: Participants were selected from among 624 patients who underwent lumbar spinal fusion between April 1, 2009 and March 31, 2011 who were followed up for 1 year or more. The SF-36 version 2 was used to evaluate HRQOL. The following preoperative parameters were investigated: sex, age, body mass index (BMI), employment status (other than home-making), living with other family members, smoking, orthopedic disorder in another part of the body (other than lumbar spinal disease), history of lumbar spinal surgery, bladder function, and leg muscle strength. Results: 94 patients were included. None of the independent preoperative factors exhibited a high degree of correlation, and the absence of multicollinearity was confirmed before further analysis was performed. The first canonical variates were age and leg muscle strength, which had a major effect on physical functioning, role physical, and role emotional 1 year after surgery, and the second canonical variates were employment status, sex, and orthopedic disorder in another part of the body, which had a major effect on general health 1 year after surgery. Conclusions: The SF-36 score 1 year after lumbar spinal fusion was affected by the preoperative factors of age, leg muscle strength, living with other family members, employment status, sex, and orthopedic disorders in another part of the body. Key words: after surgery lumbar spinal fusion, health-related quality of life, medical outcome study short form 36-item health survey (Phys Ther Res 20: 36-43, 2017)
T he incidences of degenerative diseases of the lumbar spine and spinal surgery are both increasing as the population becomes more elderly 1) . Instrumentation has been used in lumbar spinal fusion since the 1960s, and it is a treatment strategy for patients who respond poorly to conservative therapy (those with chronic and severe disease of the lumbar region) 2, 3) . In recent years, the medical outcome study 36-item short form health survey ( SF-36 ) for assessing healthrelated quality of life (HRQOL) has become widely used worldwide as an index of response evaluation 4) . The SF-36 is a patient-oriented assessment, and the evaluation of HRQOL from the patient's standpoint is an essential aspect of healthcare today. The SF-36 is a scale that provides a comprehensive representation of patients' level of health, rather than of their state of health with respect to specific diseases or symptoms 4) , and the assessment of changes before and after intervention is an effective means of evaluating the effectiveness of physiotherapy. In a study of patients with diseases of the lumbar region, Bombardier recommended the SF-36 as a comprehensive scale because it provides the best balance between reliability, validity, and responsiveness 5) . It has been translated for use in over 30 different countries to date 6 ) , and another major feature is that Japanese national standard values have been published by age group and sex [7] [8] [9] . Regarding the effectiveness of lumbar spinal fusion, the SF-36 score has been reported to improve one year after surgery compared with the preoperative score 10) , and an improved SF-36 score is an important goal of treatment. However, studies have found that patients who have undergone lumbar spinal fusion do not reach the national standard values for SF-36 11 ) , and the reason for this failure to achieve the standard score needs to be investigated. Other studies have found that the SF-36 score after lumbar spinal fusion is unaffected by the number of levels fused 12) , whereas it is lowered significantly by smoking 13) , obesity 14) , and depression 15) . Since the SF-36 score is affected by a range of different factors, there is a high possibility that factors other than the effectiveness of lumbar spinal fusion may interact to affect it in a complex manner. Some of the factors influencing the SF-36 score after lumbar spinal fusion may thus have been present preoperatively. The SF-36 comprises 8 subscales, and detailed investigation, such as which of these subscales is most affected, may be necessary. An understanding of those preoperative and early postoperative factors inherent to patients that affect the determination of effectiveness according to the SF-36 would enable a true assessment of the efficacy of physiotherapy.
The objective of this study was to obtain basic knowledge by identifying preoperative factors that affect the SF-36 score 1 year after lumbar spinal fusion.
Method

1) Subjects
The study subjects were selected from among 142 patients who underwent lumbar spinal fusion in our hospital between April 1, 2009 and March 31, 2011 and who were followed up for 1 year or more after surgery. The following exclusion criteria were applied: (1) patients who were unable to fill in the SF-36 or who did not complete it fully; (2) patients who had undergone lumbar spinal fusion at 3 or more levels; and (3) patients whose records in the hospital database were incomplete ( missing evaluation data other than SF-36 scores). Patients at our hospital are required to wear a corset for 3-6 months after surgery, until fusion of the bone graft is achieved. The subjects of this study had all achieved complete bone fusion, had no limitations on their activities without the corset, and were followed-up 1 year after surgery.
The parameters evaluated in this study comprised data that were also required for routine medical care and did not result from an experimental intervention. However, the participants received a full explanation of the import, purpose, and methods of the study, the voluntary nature of participation and their freedom to withdraw consent, and privacy protection, and their informed consent was obtained in accordance with the Helsinki Declaration. The study was approved by the Ethics Committee of the authors' university.
2) Study Methods
Assessments were performed preoperatively and 1 year after surgery. The SF-36 version 2 was used to evaluate HRQOL 4) . The SF-36 is a comprehensive scale for the measurement of HRQOL via a self-administered questionnaire, and consists of 8 subscales comprising physical functioning (PF), role physical (RP), bodily pain (BP), general health (GH), vitality (VT), social functioning (SF), role emotional (RE), and mental health (MH).
The following preoperative parameters were investigated: sex, age, body mass index (BMI) 14 ) , employment status (other than home-making), living with other family members 16) , smoking 13) , orthopedic disorder in another part of the body (other than lumbar spinal disease) 9) , history of lumbar spinal surgery, bladder function, and leg muscle strength. Because it was not extracted as a factor in the pre study and there was a high correlation (p<0.9) between pain and walking ability, so it was excluded from the examination items. Bladder function was scored using the relevant item from the Japanese Orthopedic Association ( JOA ) score 17 ) . Leg muscle strength was assessed using Daniels manual muscle testing (MMT) 18) to measure the psoas major and iliac (iliopsoas), quadriceps femoris, anterior tibialis, triceps surae, extensor digitorum longus and brevis, extensor hallucis longus, flexor digitorum longus and brevis, and flexor hallucis longus muscles individually. In this study, MMT was assessed by taking the lowest value from among all the muscles measured as the representative value, and classifying this as either MMT grade 4 (normal or good) or MMT grade 3 (fair, poor, or trace). Bladder function was evaluated in three stages: normal, mild urination difficulty (frequent urination, delayed urination, residual urine feeling), highly urinary difficulty (incontinence, urinary retention).
Postoperative therapy after lumbar spinal fusion in our hospital follows a clinical pathway for the first 2-3 weeks after surgery (Table 1) . Rehabilitation is only carried out while patients are still hospitalized, during which time they receive instruction on exercises and activities of daily living (ADL), and they do not undergo regular follow-up examinations after discharge.
3) Statistical Analysis
Statistical analysis was carried out using canonical correlation analysis, with scores on the 8 SF-36 subscales 1 year after surgery as dependent variables and the preoperative factors of sex, age, BMI, employment status, living with other family members, smoking, orthopedic disorder in another part of the body, history of lumbar spinal surgery, bladder function, and leg muscle strength as independent variables. R 2.8.1 (CRAN; freeware) was used for data collation and analysis. 
Results
There were 94 patients to whom none of the exclusion criteria applied (Fig. 1, Table 2 ). Table 3 shows the details of the decrease in leg muscle strength, and Table 4 shows the details of concomitant orthopedic disorders. Table 5 shows the SF-36 scores preoperatively and one year after surgery, and Table 6 and Fig. 2 show the results of canonical correlation analysis. None of the independent preoperative factors exhibited a high degree of correlation (0.9), and the absence of multicollinearity was confirmed before further analysis was performed. The first canonical variates were age and leg muscle strength, which had a major effect on PF, RP, and RE 1 year after surgery, and the second canonical variates were employment status, sex, and orthopedic disorder in another part of the body, which had a major effect on GH 1 year after surgery.
Discussion
The results of canonical correlation analysis showed that preoperative factors have a major effect on SF-36 scores 1 year after lumbar spinal fusion.
As shown by the results for the first canonical variates, PF, particularly 1 year after surgery, was low for older patients and patients with decreased leg muscle strength. Studies have found that the older the individual, the lower the national standard value for SF-36 4) , and the fact that age was found to have an effect may thus be regarded as a valid result. Patients with better preoperative leg muscle strength also had higher SF-36 scores. As shown in Table 3 , leg muscle weakness in this study was most common in the triceps surae, and it is unclear whether this was due to motor paralysis or to disuse as a result of age or other factors. However, assessment and improvement of leg muscle strength from the preoperative stage may improve PF particularly 1 year after surgery. An investigation by Juricek et al. 19) of SF-36 scores from 6 months to 2 years after lumbar spinal fusion found greater improvement in physical health than in mental health, and a few other studies have also found similar results [20] [21] [22] . A comparison between patients 1 year after lumbar spinal fusion and members of the general public matched for age and sex found that, although their mental health scores were equivalent, the physical health of those who had undergone lumbar spinal fusion was significantly poorer 22 ) . Although lumbar spinal fusion does improve physical health, this still remains poor compared with that of members of the general public, and preoperative intervention to strengthen the leg muscles is thus important to achieve greater improvement in physical health.
As shown by the results for the second canonical variates, GH was lower 1 year after surgery for patients who were unemployed, female, or who had an orthopedic disorder in another part of the body. The questions from which GH is calculated include those comparing with other people, such as "I seem to get sick a little easier than other peo- : 1 †Includes some patients with reduced muscle strength in several muscles ple" and "I am as healthy as anybody I know." Studies have found that between 73% and 93% of patients return to work between 1 and 2 years after surgery for a disease of the lumbar region 23, 24) . For workers, the most important goal of undergoing surgery is to return to work, suggesting that our finding in this study that patients who had been employed prior to surgery had higher GH 1 year after surgery if they had recovered sufficiently to go back to work may be valid. Future studies of the timing of returning to work and whether or not patients recover sufficiently to carry out the same type of work in which they were engaged preoperatively may be important.
The Japanese national standard values for SF-36 are lower overall for women than for men 4) . The SF-36 score is believed to decline with an increasing number of comorbidities 4, 22, [25] [26] [27] [28] . Although the alleviation of back pain and lower limb symptoms is regarded as the main postoperative outcome, use in this study of the SF-36 scores for response evaluation suggested that an orthopedic disorder in another part of the body may also affect postoperative outcomes. As shown in Table 4 , many of these patients suffered from os- teoarthritis or other degenerative diseases resulting in persistent functional impairment, and interventions to treat these may help improve SF-36 scores. One important practical intervention may be the use of preoperative physiotherapy for orthopedic disorders in another part of the body other than the lumbar region. The data used in this study were obtained preoperatively, however, and the present results must be interpreted in light of the fact that it is unclear whether symptoms of orthopedic disorders in another part of the body were apparent preoperatively, during hospitalization, and 1 year after surgery. The present findings suggest that preoperative physiotherapy should be used to strengthen the leg muscles and treat orthopedic disorders in another part of the body, taking into account patients' age, whether or not they are living with other family members, employment status, and sex. Preoperative physiotherapy has been shown to be effective for patients with spinal disorders 29) . The absence of any change in the Oswestry Disability Index (ODI) score between 3 months and 1 year after surgery and early postoperative recovery have also been shown to be associated with a good prognosis 30) . Further studies of the efficacy of interventions in the form of preoperative and early postoperative physiotherapy are required. Other studies have found no significant differences between SF-36 scores following lumbar spinal decompression and lumbar spinal fusion 31) , or between those following total hip arthroplasty or total knee arthroplasty and lumbar spinal surgery 32) , and it may not be possible to say that improvement in SF-36 scores after lumbar spinal fusion is necessarily poor solely on the basis of the results of the present study. However, it is also possible that QOL did not recover 1 year after lumbar spinal fusion because patients had been exhibiting symptoms for many years, reducing ADL 33) . Alleviating all symptoms is not the goal of lumbar spinal fusion 22) . It may be important to take account of the preoperative factors described above in order to further improve HRQOL 1 year after lumbar spinal fusion. SF-36 scores for physical health still fail to reach the national standard values even 2 years after lumbar spinal fusion 19 ) , and the results of the present study also showed that physical health was more affected, suggesting that the use of physiotherapy to address the factors identified in the present study may perhaps bring the level of physical health closer to the national standard value. The limitations of this study include the fact that many patients were lost to follow-up and the presence of bias in patient age groups and sex. This was an exploratory study, and future studies must both improve the follow-up rate and investigate the factors identified in the present study in greater detail, as well as address postoperative factors, with the aim of aiding postoperative physiotherapy.
Conclusion
HRQOL 1 year after lumbar spinal fusion was affected Figure 2 . Relationship between first and second canonical variables The horizontal axis shows the first canonical loading, and the vertical axis the second canonical loading. The factors enclosed in squares are dependent variables, and the other factors are independent variables : dependent variables ×: independent variables by the preoperative factors of age, leg muscle strength, living with other family members, employment status, sex, and orthopedic disorders in another part of the body. Individual physiotherapy interventions to address these factors may bring postoperative HRQOL closer to the national standard value. This study may be useful for physiotherapy in lumbar spinal fusion.
